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Changes Produced in Apple Trees 
by Various Types of Pruning 
HENRY D. HooKER, JR. 
Abstract.-The percentages of water, reducing and total sugars, starch and 
nitrogen were determined in five-year-old J onathan trees before and after late winter 
pruning. Nitrogen was found to be translocated in the spring fro m the older wood to 
the tips of the shoots. A spring application of sodium nitrate increased the nitrogen 
content of the tips and decreased it in the middle of the one-year-old wood. Heading 
increased carbohydrate consumption and thinning conserved the nitrogen and car-
bohydrate supplies in the tree. Heading back the leader diverted the nitrogen to 
unpruned laterals. 
Though pruning is one of the oldest of horticultural practices, it has 
received scant attention from a scientific point of view. Perhaps this is 
one of the reasons why so many different methods of pruning have had 
their day. The best methods of pruning grapes and peaches have been 
fairly well established empirically, but t he proper way to prune apples 
is still a subject of experiment and debate. For a time it was the practice 
to prune severely, but during recent years drastic pruning has been de-
precated until there seems to be danger that moderation in pruning may 
become extreme. It is significant that pruning is a subject that must 
still be discussed in terms of practice rather than in terms of function. 
Valuable data have been collected on the effect of different kinds of 
pruning on the amount and character of growth and on the ultimate size 
and yield of the tree. Much of this information has been obtained by 
experiments extending over a long period of time. 
If pruning is to be placed on a physiological basis, it is necessary to 
understand the exact nature of the changes produced in the tree by 
various types of pruning. Almost the first contribution to such an under-
standing was made during the past year by Harvey in a "Study of 
Growth in Summer Shoots of the Apple with Special Consideration of the 
Role of Carbohydrates and Nitrogen"*. This work sho~s the changes in 
the chemical composition of apple shoots from June to September and the 
effects of ringing and defoliation. The information has a direct bearing 
on the problem of summer pruning. 
The present investigation was undertaken to find out some of the 
changes that occur earlier in the season as the result of d ifferent types of 
pruning, such as heading and thinning. 
*Ore. Agr. E xp. Sta. Bull. 200. 1923. 
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EXPERIMENT 
The trees used in this experiment were five-year-old J onathans in 
the Riverview Orchards at McBaine, Missouri. These trees were av.ail-
able through the courtesy of Mr. Patterson Bain, Jr. They were suitable 
for use in this experiment because of their uniformity and vigor. 
In the tops of every tree there were a large number of branches with 
a cluster of shoots two to three feet long arising from the tips of the two-
year-old wood in the manner characteristic of this variety. Several trees 
were headed back all across the top, the cuts being made approximately 
in the middle of the one-year-old wood. Other trees were thinned by 
removing all the shoots arising from the tips of the two-year-old wood 
except the leader. A few trees were pruned by heading back all the shoots 
arising from the tips of the two-year-old wood except one lateral. A 
number of trees were left unpruned as checks and some of these were 
treated with sodium nitrate. The pruning and fertilizing were done on 
April 3, 1924, before growth had commenced. Samples for analysis were 
collected April 17, when growth had just begun and again on May 10, 
when the new shoots were three or four inches long. The tips and middles 
of the one-year-old wood and the tips of the two-year-old wood were 
sampled each time. The leaders and laterals were sampled separately. 
On May 10 the new growth was sampled separately from the tips of the 
one-year-old wood and the leaves were removed. The first samples 
collected April 3 were taken from unpruned trees to ascertain the com-
position at the time of pruning. On April 17 the headed, thinned and 
check trees were sampled. On May 10 samples were taken from all the 
treated trees and the checks. Each sample contained from 80 to 100 
pieces of wood so that the analyses represent an average of the conditions 
in a large number of shoots. 
The samples were collected in tared bottles and the fresh weight 
determined. They were then dried in an oven at 70° C. to constant 
weight and the dry weight taken. The samples were ground and analyzed 
for nitrogen, reducing and total sugars and starch. The nitrogen deter-
minations were made by the Kjeldahl method. Reducing and total 
sugars were estimated titrimetrically by Spoehr's method. 
Five grams of the dry powdered sample were thrown on a filter paper 
and. washed several times with cold water. Five washings sufficed to 
remove all reducing substances. The washings were cleared with lead 
acetate, made up to 250 c.c., and filtered. Two hundred cubic centi-
meters of this were taken and deleaded with solid sodium carbonate, 
made up to volume and filtered. Twenty-five cubic centimeters of this 
solution were used with 5 c.c. of Fehling's A and 5 c.c. of Fehling's B 
for reduction. Seventy-five cubic centimeters of the same solution were 
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TABLE 1.-ANALYSES OF SHOOTS ON FrvE-YEAR-OLD JoNATHAN TREES. 
Percentage Reducing Total 
of water Sugar Sugar Starch Nitrogen 
in fresh on dry on dry on dry on d ry 
sample weight weight weight weight 
basis basis basis ha.sis 
April 1 
Unpruned 
Tip of two year old wood 41.0 I. 45 1.84 1.24 0.439 
Middle of leader 50.4 !. 78 !.98 1. 89 0 .558 
Tip'of leader 42.9 1.90 2.54 
-- --
0.928 
Middle of laterals 44.0 1.60 I. 80 1. 55 0.616 
Tip of laterals 41.4 1. 81 2. 34 
-- --
0.981 
April 17 
Unpruned 
Tip of two year old wood 47.0 1.04 !. 25 0 .00 0 . 341 
Middle of leader 54. 7 1.62 I. 73 1. 93 0.601 
Tip of leader 64 .0 0.69 1.44 
----
1.518 
Middle of laterals 51. 3 1 .43 1. 64 0.00 0 .5 75 
Tips of laterals 63.5 0 .35 I. 38 1.14 0.981 
H eaded 
Tip of two year old wood 49. l 1.16 !. 27 0 . 24 0 .311 
Cut end of leader 57 .0 1.17 1.29 1. 22 0.873 
Cut end uf laterals 51. 7 1.02 1. 27 Trace 1.070 
Thinned . 
Tip of two year old wood 47 .6 1.37 1. 71 1.57 0.349 
Middle of leader 54 . 7 0 .55 1. 72 1. 90 0 .540 
Tip of leader 63.2 0 . 75 1.92 1.29 1.543 
May 10 
Un pruned 
Tip of two year ol:i wood 48.2 0 .46 0.61 0. 73 0.267 
Middle of leader 54 . 7 0 .75 o. 76 0.76 0.398 
End of leader, old wood 58 . 8 1. 26 I. 55 I. 27 0.55 7 
New growth on leader 72.4 0. 17 0. 27 0.96 1 .502 
Middle of laterals 63 . 8 1.00 1. 23 0.88 0.426 
End of laterals, old wood 51.6 1.37 1. 87 1. 14 0.585 
New growth on laterals 71. 2 0.46 1.57 l. 15 1.414 
Unpruned, nitrated 
Middle of leader 51. l 0 .69 0.97 Trace 0.361 
End of leader, old wood 60.6 0.72 0.93 1.58 0.681 
New growth on leader 76.8 0.34 0 . 56 0 . 30 1.948 
Middle of laterals 54.2 0 .53 0. 55 0.00 0. 353 
End of laterals, old wood 52. 7 0.91 1.00 Tr~ce 0.649 
New growth on laterals 75.0 0 .00 1. 54 1.10 1 .901 
Headed 
Tip of two year old wood 48 . 8 0 .43 0.67 0.00 0.259 
Leader, end of old wood 56 .2 0.49 0.90 0.00 0.439 
New growth on leader 75. 4 0 .35 0. 31 0. 76 1.712 
Laterals, end of old wood 53.0 0. 76 0. 91 1 .. 02 0.404 
New growth on lat erals 72.8 0 .81 1.42 0.96 1.660 
Thinned 
Tip of two year old wood 50.8 0.45 0.51 0 . 38 0.291 
M iddle of leader 56 . 7 0 .56 0 .65 0.00 0 .473 
End of old wood 60 .5 0.98 1.43 l.07 0 .671 
New Wood 73 .8 0.17 0 . 35 1.19 1.666 
Partial Heading 
End of old wood, leader 5L2 0.83 1.12 1.08 0 . 332 
New growth on leader 75 .0 0 . 17 0 .38 1.18 1.649 
Middle of unpruned lateral 53 .2 0.87 0.87 1.06 0 .415 
End of old wood on unpru ned lateral 66 .6 1 .26 1.56 1.40 0 .648 
New growth on unpruned lateral 72.0 0.72 1.04 0. 66 1.776 
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hydrolized with hydrochloric acid for 10 minutes in a water bath, made 
up to 100 c.c. and 25 c.c. used for reduction. 
The residue of the first washings was boiled, digested with taka 
diastase, hydrolized, cleared and deleaded. The reducing power of the 
solution thus prepared was a measure of the starch content of the sample. 
The iodometric titration of the copper sulphate solution left after 
reduction was found to be more accurate and more rapid than any other 
procedure. In all cases analyses were run in duplicate and in most 
instances absolute checks were obtained. The analytical data are pre-
sented in Table l. 
Moisture.-Comparison of the figures giving the percentages of 
water in the fresh samples shows that on April 3 the median portions of 
the one-year-old wood had a higher moisture content than the tips in 
both the leaders and the laterals. The two-year-old wood contained 
slightly less water than the tips of the shoots. The leaders had a higher 
moisture content than the laterals, a condition that persisted through-
out the experiment except in the middle of the one-year-old wo9d on the 
unpruned trees sampled May 10. Both the new and the old wood at the 
tips of the leaders invariably had a higher moisture content than the 
corresponding tissues at the tips of the laterals. 
As growth proceeded, the moisture content everywhere increased, 
but more rapidly at the tips so that by April 17 the tips of the one-year-
old wood contained more water than the middle portions. From now on 
the moisture content was inversely proportional to the age of the tissue, 
except in the laterals on the unpruned trees, which showed a higher 
water content in the middles than at the tips of the one-year-old wood. 
The samples collected May 10 from the unpruned trees that had 
been treated with nitrate of soda show that the nitrogen application 
increased the moisture content at the tips of the shoots, but decreased 
the percentage of water in the middle of the one-year-old wood. 
Heading markedly increased the moisture content at the cut ends 
which contained even more water by May 10 than the ends of the shoots 
on the checks. The percentage of water in the two-year-old wood was 
also slightly greater in the headed trees. 
Thinning had practically no effect on the moisture content during 
the first two weeks, but by May 10 the percentage of water was every-
where greater than in the checks. 
In those trees which had all the shoots headed back except one 
lateral, the moisture content was increased at the cut ends of the leader 
as was the case with the trees that were completely headed back. The 
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percentage of moisture at the end of the one-year-old wood on the un-
pruned lateral was the largest found anywhere except in the new growth. 
The percentages ranged from 41% in the two-year-old wood on 
April 3 to almost 77% in the new growth from the leaders of the fertilized 
trees on May 10. 
Carbohydrates.-The variations in the percentages of starch and 
sugars on the dry weight basis are so nearly parallel in most cases that 
it will be convenient to consider them together. The loss of three of the 
starch samples unfortunately makes the starch picture incomplete, but 
the general nature of the changes that occur is obvious. 
The samples taken April 3 show that the starch and sugars were 
more abundant in the younger wood and that the leaders contained more 
than the laterals. As growth proceeded the carbohydrate content de-
creased everywhere and most rapidly at the tips of the shoots. The 
leaders still had more starch and sugar than the laterals, though by 
May 10 this situation was reversed in most cases. On May 10 there was 
a noticeable increase in the carbohydrate content at the tips of the 
shoots, particularly in the laterals. 
Fertilization with nitrate of soda decreased the carbohydrate con-
tent, especially in the laterals. Heading decreased the amount of starch 
and sugar in the cut ends of the shoots, but did not materially affect the 
content of the two-year-old wood. The carbohydrate in the two-year-
old wood of the thinned trees was somewhat higher than in the checks on 
April 17, but little difference was apparent by May 10. In the partially 
headed trees, the pruned leader contained more carbohydrate than in 
the completely headed trees and the unpruned laterals contained more 
starch and less sugar than the checks. 
The largest percentages of total sugars and also of reducing sugars 
were found in the tips of the leaders on the trees sampled April 3. It is 
probable that these tips also had the highest starch content but the loss 
of the sample leaves the matter in doubt. The largest value for non-
reducing sugars was 1.17% in the one-year-old wood of the thinned trees 
sampled April 17. The percentages of non-reducing sugars were for the 
most part very small except at the tips of the shoots. 
Nitrogen.-The variations in the total nitrogen content shown 
diagrammatically in Fig. 1, resemble the changes in the percentages of 
moisture and for the most part run counter to the variations in carbo-
hydrate. 
On April 3 the younger tissues contained the greater amounts of 
nitrogen, as of sugar, but the laterals contained more than the leaders. 
As growth proceeded the nitrogen content increased at the tips and de-
creased in the two-year-old wood. In the middle of the one-year-old 
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Fig. 1.-:-Percentage; of nitrogen in Jonathan shoots as affected by pruning and fertilization. 
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wood the nitrogen increased slightly at first and then decreased in the 
leaders and decreased from the start in the laterals, so that by April 17 
the leaders contained more nitrogen than the laterals. On May 10 the 
new growth on the leaders was richer in nitrogen than the new growth on 
the laterals, while the situation was reversed in the one-year-old wood, 
bringing about a distribution of nitrogen very similar to that of the water. 
Treatment with nitrate of soda greatly increased the nitrogen con-
tent of the new growth and in the tips of the one-year-old wood. The 
nitrogen content of the older wood was less than that of the unfertilized 
trees, and the leaders contained more nitrogen throughout than the 
laterals. The parallelism between water and nitrogen is striking. 
Heading induced a rapid increase in the amount of nitrogen at the 
cut ends and lowered the nitrogen content of the two-year-old wood. 
On April 17 the laterals had more nitrogen than the leaders. The new 
growth from the pruned shoots had a higher nitrogen content than that 
of the checks. 
The thinned shoots contained more nitrogen than the checks 
throughout except in the middle of the one-year-old wood on April 17. 
In the partially headed trees, the nitrogen content of the he.aded 
leaders was less than that of any of the shoots on the completely headed 
trees. The unpruned laterals had more nitrogen than either the laterals 
or the leaders of the checks. 
The percentages of nitrogen found ranged from 0.26% in the two-
year-old wood of the headed trees on May 10 to 1.95% in the new growth 
on the leaders of the fertilized trees. 
DISCUSSION 
The data presented show that before growth commences in the 
spring apple shoots contain a considerable supply of stored carbohydrates 
and of nitrogenous compounds in both the one- and the two-year-old 
wood. When the shoots begin to grow, stored nitrogen passes from the 
two-year-old wood into the younger wood, causing a rapid increase in 
the nitrogen content at the tips of the leaders. As the nitrogen content 
at the tips of the laterals does not increase at first and the amount in the 
middle of the one-year-old wood diminishes, it appears that at first some 
nitrogen passes from the laterals into the leaders. (See Fig. 1) There 
occurs therefore a mobilization of nitrogen in the shoots of apple trees 
similar to the mobilization known to occur in spurs*. The nitrogen 
stored in the older wood over the winter passes in the spring into the 
stronger shoots and into the spurs. During this period of nitrogen 
transfer, the supply of stored carbohydrate diminishes, but there is no 
*Missouri Agricultural Experiment Station Research Bulletin 40: p; 35, 1920, 
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evidence of any translocation of carbohydrate from the older to the 
younger wood. The decreases observed may be accounted for on the 
assumption that the stored carbohydrate is used locally. Where the rate 
of growth is most rapid, the increase in the nitrogen content is greatest 
and the consumption of carbohydrates is most marked. By the time the 
new growth is 3 to 4 inches long, the new leaves have developed sufficient-
ly to manufacture their own carbohydrate and so become independent of 
the reserve supply. This is shown by an actual increase in the carbo-
hydrate content of the tips, particularly of the more slowly growing 
laterals. 
Treatment with Nitrogen of Soda.-Applications of nitrogen fertil-
izers increase the nitrogen content of shoots as well as of spurs.* It is 
rather surprising to find that this increase in the shoots is confined to the 
tips and that the percentage of nitrogen in the middle of the one-year-old 
wood is noticeably lowered. The nitrogen absorbed by the roots seems to 
pass directly to the tips of the one-year-old wood and to the new growth. 
Thedecrease in the nitrogen content of the older wood may be attributed 
to the stimulation of growth and to an increased rate of nitrogen utiliza-
tion in the new tissues causing a greater draft on the reserve supplies. 
As might be expected, the increased nitrogen content is accompanied by 
an increased carbohydrate consumption, the accumulation of carbohy-
drate in the tips by May 10 being less than in the unfertilized trees. 
Heading.-Heading consists in the removal of those portions of the 
shoots richest in nitrogen and carbohydrate. It is followed by a rapid 
increase in the amounts of nitrogen at the cut ends. This nitrogen ap-
parently comes from the older wood, to some extent at least. There is 
also a greater consumption of carbohydrate at the cut ends, though the 
carbohydrate in the two-year-old wood is not materially affected. The 
new growth from near the cut ends has a higher nitrogen content than 
the new growth from unpruned shoots. Since these shoots tend to grow 
more rapidly, it seems that vigor of growth is correlated \vith nitrogen 
content. It is evident that heading is a tax on the plant that drains the 
reserves left after the removal of the tissues most richly supplied with 
nitrogen and carbohydrate. t 
Thinning.-The analyses show that spring thinning conserves the 
nitrogen and carbohydrate supplies in the tree. The two-year-old wood 
retains larger amount.s of nitrogen and of carbohydrates during the first 
two weeks after pruning . . Thinning produces in the tips of the shoots 
left a condition resembling that brought about by a nitrate application, 
the amounts of nitrogen, sugar and water being intermediate between 
*Missouri Agricultural Experiment Station Research Bulletin SO: p. 8, 1922. 
tGard ner, Bradford and UQok~r . Fundamentals of Fruit Productio·n. p. 425. New York. 1922. 
CHANGES PRODUCED IN APPLE TREES BY PRUNING 11 
those found in the checks and in the fertilized trees. There is one 
noticeable difference, however. While the ferti 1izer treatment decreases 
the nitrogen content of the older wood, the thinning increases it. This 
may be associated with the development of lateral branches from the 
thinned shoots. 
Partial Heading.-The suppression of certain shoots by heading 
results in a depression of their nitrogen content. Nitrogen passes to the 
more vigorously growing portions of the tree. This fact accords well with 
the widely known principle of pruning practice that growth is more or 
less proportional to the relative size of the shoot. The amount of 
growth of any portion of a tree can therefore be regulated by the 
relative severity of the pruning, a device of great importance in the shap-
ing of young tree.sand in the prevention of bad crotches. It appears from 
these analyses that this regulation is accomplished largely by the effect 
of the pruning on the distribution of nitrogen. 
The effect of heading back in diverting nitrogen to unpruned shoots 
suggests a criticism of experiments involving the suppression of growth 
by other means. The ringing of a shoot, for example, might be expected 
to reduce the nitrogen content of the treated shoot and to increase the 
nitrogen content of unringed shoots on the same branch. Such experi-
ments would then have no significance in determining the tissues through 
which nitrogen passes on its way from the roots to the tops.* 
CONCLUSION 
The results obtained in this investigation do not suggest that the 
customary practices of pruning apples should be modified. They do offer 
a physiological basis for a number of pruning operations that are known 
tolbe effective and they indicate that further work of this type may 
even tu ally lead to an improvement of standard methods. It is evident 
. that pruning and especially heading is a dwarfing process and that no cut 
should be made without some definite object. It is dear that when young 
trees approach bearing age the severity of pruning must be diminished 
because carbohydrate accumulation is essential for fruit bud formation 
and severe pruning favors carbohydrate consumption. It appears that 
at such times, when pruning must be reduced to a minimum, thinning 
will remove less stored carbohydrate and nitrogen than a corresponding 
amount of heading. Some of these facts have been correctly forecasted, 
but the data presented are concrete evidence of their validity, and show 
certain of the determining physiological factors. 
*Amer. Journ. Bot. 10: . 361, 1923. 
